INTRODUCTION

42
Iron is one of the essential trace elements for human nutrition, and the only way for 43 obtaining is dietary intake. Iron deficiency is prevalent caused by whether insufficient 44 intake or presence of iron absorption inhibitors. In our previous studies, we have tried 45 different ways to decrease contents of phytic acid, which is mentioned as one of 46 important inhibitors of iron absorption, in rice for improved bioavailability of 47 minerals. However, the efficacy of those approaches is limited (1, 2) . Dietary iron 
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It was also reported that presence of some ingredients, such as ascorbic acids and 55 some amino acids, could improve bioavailability of iron. Enhancement of protein, 56 peptides and amino acids on bioavailability and absorption of iron is one of the most 57 interested research fields. It was reported that some proteins, such as egg yolk protein 58 and casein, inhibited bioavailability of iron, which was caused by formation of 59 insoluble iron-protein complex, or presence of compete minerals (e.g. calcium in 60 casein (4) (5) (6) (7) . Proteins and peptides, mainly from milk and meat, enhance iron 61 absorption were also reported (8) (9) (10) . It was summarized that these enhancers had 62 similar characteristics as: 1) contain some of "specific" amino acids, such as Pro, Phe, 63 accordant and the exact effect and mechanism were uncertain yet (10, 11) (12) ; 3) have low molecular weight, it was reported that most of 67 enhancers had molecular weight (MW) lowered than 10 KDa (5, 10, 13, 14) . 68 Studies on protein showed that alcalase and flavourzyme have extensive proteolytic 69 activity for low molecular weight peptides and amino acids (13) (14) (15) . However, effect 70 and application of these hydrolysates on fortification of minerals is scare. In order to 71 achieve improved absorption of fortified iron, whey protein concentrates (WPC) ,
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which is by-product from the cheese-making and casein manufacture in the dairy 
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MATERIALS AND METHODS
80
Preparation of WPC hydrolysates
81
The 5% WPC solution was kept in incubator at 85 ºC for 15 min. After cooled to 50 82 ºC, the pH was adjusted to 5.5, 7.0 and 8.0 respectively for papain, neutrase and 83 alcalase using 1 M NaOH or 1 M HCl and maintained during enzymatic treatment.
84
The ratio of enzyme to substrate is 3000 U g Adler-Nissen, which is basically a spectrophotometric assay of the chromophore 92 formed by the reaction of trinitro-benzene-sulfonic acid (TNBS) with primary amines
93
(1979) (17) .
94
In vitro digestion of WPC hydrolysates
95
The in vitro digestion procedure described by Kiers et al. (18) was applied with small 
Tricine sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
137
Tricine SDS-PAGE analysis of peptides was performed with the methods described 
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RESULTS
159
Effects of enzymatic treated WPC on fortified iron absorption by Caco-2 cells 
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The most important finding in the present study is that WPC hydrolysates by protease Iron dialysability is a primary step before iron can be absorbed in the small intestine 
